Three new aliphatic-aromatic polymers having naphthyl rings were prepared by the polycondenstion of dialdehydes or diketone monomers with 1,5-naphthalenediamine or 1,4-phenylenediamine. The monomers were prepared by the reaction of aromatic aldehyde or ketone with 1,6-dibromohexane. The molecular mass of the monomers was confirmed through E.I mass spectroscopy. The structures of monomers and polymers were characterized by 1 HNMR, FT-IR, UV-Vis Spectroscopy, SEM and TG/DTA. Fluorescence emissions of monomers and polymers were recorded and their quantum yields were calculated, all the compounds showed fluorescence property and indicated violet, blue-green, orange and red light emissions. The quantum yields of the polymers were obtained within the range of 0.04 to 24.3%. The semicrystalline and amorphous nature of the polymers was analyzed through powdered X-ray diffraction. Antimicrobial activities of the polymers were examined against different bacterial and fungal species. Thin film forming ability of the synthesized polymers was evaluated by making their blends with PVC (poly vinyl chloride) in different w/w% ratios.
Introduction
Schiff base polymers also called polyimines or polyazomethines (CH=N) have been the subject of interest from last several decades and prepared by the polycondensation reaction of carbonyl compounds (dialdehydes or diketones) with aliphatic or aromatic diamines. [1] [2] [3] The researchers are attracted towards the synthesis of new polyimines because of their advantageous properties such as liquid-crystalline, 4 fluorescence, 5, 6 optical and electronic properties, 7, 8 high thermal stability, 9, 10 fiber forming, 11, 12 thin film forming, [13] [14] [15] coordination abilities with metal ions 16 and antimicrobial activities. 17, 18 These properties make them important candidate for application in solar cells, 19, 20 optoelectronic sensors, 21 photo-luminescent devices, 22 aerospace, 23 packaging materials and antifouling paints. 24 The redox activity of the Schiff base polymers was also reported, therefore they can be employed as redox indicators. 25 The polymer blends are also seeking attention in technological fields during last two decades because of their mechanical properties, which can be altered according to desired application. 26 The polymer blends comprise about 30% of the total industrial plastic products. 27 However aromatic polyimines are difficult to process due to their low solubility and high melting points which limits their applications. 28 To overcome these difficulties researchers have made different attempts which are introduction of ester, ether, alkyl or alkoxy groups and chains of methylene spacers between the aromatic rings. 29, 30 Mondal and Das reported the effect of chain flexibility on the morphology of polyamides, they have observed decrease in thermal stability with the inclusion of aliphatic chains. 31 In the present work three new polyimines were prepared by the polycondensation reaction of dialdehydes or diketone monomers with diamines. The obtained polymers contained flexible aliphatic spacers of n-hexane and ether linkages between the aromatic rings. One of the polymers (PoHOAND) contained alkyl group attached with the imine bond. These structural variations have effected on the solubility and other properties (thermal stability, fluorescence and thin film forming ability) of polyimines. 
Experimental

1. Materials
Characterization
The melting point of the monomers and polymers were recorded on Gallenkamp Melting point apparatus (made in England) equipped with thermometer. The E.I mass spectra of the monomers were recorded on JEOL JMS-600 (Japan) mass spectrometer at HEJ Research Institute of Chemistry, University of Karachi, Sindh-Pakistan. The Proton NMR ( 1 HNMR) spectra of the monomers and polymers were recorded on BRUKER AVANCE-NMR 400 MHz spectrometer at HEJ Research Institute of Chemistry, University of Karachi, Sindh-Pakistan, using TMS as internal standard and deuterated dimethylsulfoxide (DM-SO-d 6 ) as solvent. The FT-IR spectra of the monomers and polymers were recorded on Thermo Scientific™ Nicolet iS10 FT-IR Spectrometer with Attenuated total reflectance (ATR) accessory equipped with OMNIC™ Software. The UV-Visible spectra of monomers and polymers were recorded within 200-700 nm spectral range on a double beam spectrophotometer Shimadzu UV-1800 with UV Probe software at Mehran University of Engineering & Technology, Jamshoro, Sindh-Pakistan, using 1 cm quartz cuvettes and DMSO as solvent. The Fluorescence emission spectra of monomers and polymers were recorded on Spectrofluorophotometer RF-5301PC Series (Shimadzu, Kyoto, Japan) using 1cm quartz cuvette and DMSO as solvent. The morphologies of the compounds were observed through SEM images recorded on Scanning Electron Microscope JEOL JSM-6490 LV at Center for Pure and Applied Geology, University of Sindh, Jamshoro, Sindh-Pakistan or on JEOL JSM 5910 at Centralized Resource Laboratory (CRL), University of Peshawar, Peshawar-Pakistan, using 15 kV accelerating voltage. The powder X-ray diffraction (XRD) of the polymers was recorded on X-ray Diffractometer JDX 3532 (JEOL, Japan) equipped with Cu Kα radiation (wavelength: 1.54056 Å) at Centralized Resource Laboratory, University of Peshawar, Peshawar-Pa-kistan. The TG/DTA graphs of monomers and polymers were recorded at Centralized Resource Laboratory, University of Peshawar, Peshawar-Pakistan on Pyris Diamond Series TG/DTA (Perkin Elmer, USA) thermal analyzer in nitrogen atmosphere with flow rate of 20 ml/ min and heating rate of 20 °C/min, the sample (5-10 mg) was placed on ceramic pan and heated from 50 °C to 800 °C using alumina as reference material. Thin film forming ability of the polymers were tested by making their blends with PVC (poly vinyl chloride) in different w/w ratios (10-50%). The polymers were dissolved separately in DMSO while PVC was dissolved in THF and their mixtures (10-50%) w/w were transferred in glass Petri dishes of 2 inch diameter, the petri dishes were placed in an oven at 60 °C for evaporating the solvent. After drying the resulting thin films were removed from the glass surface of petri dishes with the help of spatula and the film forming ability of the polymers was confirmed as thin layers were easily separated from the glass surface without breaking. Antibacterial activities of the polymers were examined by microplate alamar blue assay using 96 well plate method. The antibacterial activities of the polymers were tested against different strains of bacteria which included Staphylococcus aureus, Salmonella typhi, Pseudomonas aeruginosa, Bacillus subtilis and Escherichia coli using Ofloxacin as standard drug. The polymer (2 to 4 mg) was dissolved in DMSO to make concentration 50 or 200 µg/ml. The growth of bacteria was carried out in Mueller-Hinton Agar medium and the incubation period was 18 to 20 hrs. The % inhibition of bacterial species by the polymers was calculated by using reported method and formula given as equation 1. 32 (1) Where ε ox and ε red are the molar extinction coefficient of Alamar blue dye in the oxidized (blue) and reduced (pink) form respectively, λ 1 = 570 nm, λ 2 = 600 nm, A and A' are the absorbance reading of the test and negative control well respectively. The antifungal activities of the polymers were tested by agar tube dilution method against different fungal strains which were Candida albicans, Canadida glabrata, Aspergillus niger, Fusarium lini, Trichphyton rubrum and Microsporum canis using standard drug Amphotericin B for Aspergillus niger and Miconazole for other species. SDA (Sabouraud dextrose agar) media was used for fungal growth where 12 mg of polymer was dissolved in DMSO to make concentration 200 µg/ml. The incubation period was 7 days and the temperature was 27 °C. The % inhibition of fungal strains by the polymers was calculated using the formula given as equation 2.
(2)
3. Synthesis of Monomers
Three new monomers (two dialdehydes and one diketone) were prepared by following a reported procedure. [33] [34] [35] 0.2 mol of aromatic aldehyde [3-hydydroxybenzaldehyde (24.42 g), 2-hydroxynaphthaldehyde (34.43 g) or 2-hydroxyacetophenone (27.23 g)] dissolved in 50 ml of DMF was added into 250 ml round bottom flask equipped with a condenser and magnetic stirrer, 0.25 mol (25 g) anhydrous sodium carbonate and 0.1 mol of 1,6-dibromohexane (15.38 ml) were also added to the reaction flask. The contents were refluxed for 5 h at 150 °C with continuous stirring, the resulting product was poured into 500 ml cold water and allowed to form precipitates. The precipitates were filtered and washed once with 0.1 M potassium hydroxide and then three times with distilled water, dried and recrystallized from ethanol. The structures and the reactions for the syntheses of monomers are given in 
3. 1. 3,3'-hexamethylenebis(oxybenzaldehyde)
(m-HOB) 
3. 3. 2,2'-hexamethylenebis(oxyacetophenone)
(o-HOA) 
4. Synthesis of Polymers
Three new polymers were synthesized by following reported method [33] [34] [35] with slight modification in the proce- 
4. 1. Poly-3,3'-hexamethylenebis(oxybenzldehyde)-1,5-naphthalenediimine (PmHOBND)
4. Poly-2,2'-hexamethylenebis(oxynaphthaldehye)-1,4-phenylenediimine (PoHONPD)
Yield = 78%,
Results and Discussion
1. Synthesis
Three new monomers (dialdehydes or diketone) m-HOB, o-HON and o-HOA were prepared by condensation of 3-hydroxybenzaldehyde, 2-hydroxynaphthaldehyde or 2-hydroxyacetophenone with 1,6-dibromohexane. The monomers were obtained in good yield (78-85%). In the present work new meta oriented dialdehyde m-HOB was prepared while its ortho and para oriented isomers were reported in our earlier work. 34, 35 Three new polyimines (PmHOBND, PoHONPD and PoHOAND) were prepared by the polycondensation of dialdehydes or diketone monomers (m-HOB, o-HON or o-HOA) with di- amines (1,5-naphthalenediamine or 1,4-phenylenediamine). The polymers have ether linkages, azomethine or imine bonds and spacers of n-hexane between the aromatic rings and the polymer derived from diketone monomer (o-HOA) contains methyl group attached with the imine (C=N) group. The polymers were also obtained in good yield (74-78%). The synthesized polymers can also be called as polyethers because all the three polymers contain ether linkages in their main chain.
2. Solubility
The solubility of the monomers and polymers was tested in various solvents and the results are given in Table  1 . The monomers were soluble in organic solvents and in-soluble in water. The polymer PmHOBND was soluble in chloroform and THF without heating while in DMSO and DMF on heating, the polymer PoHONPD was soluble in DMF and DMSO on heating and the polymer PoHOAND indicated highest solubility in all the tested solvents except water, it is soluble in chloroform, acetone, THF, DMF and DMSO without heating while in ethanol with heating. The increased solubility of the polymer PoHOAND may be due to presence of methyl side group attached with the imine bond.
E.I Mass Spectra of Monomers
The mass spectrum of the dialdehyde m-HOB indicated M + at m/z 326 and other fragment ion peaks ap- (Figure 3) .
The . S2 ).
4. FT-IR Spectroscopy of Monomers and Polymers
The FT-IR spectra of dialdehydes and diketone monomers indicated two or five weak bands within 2951-2719 cm -1 due to υ C-H aliphatic corresponding to n-hexane and CHO (of dialdehydes) groups. A strong band was indicated within 1694-1661 cm -1 due to υ C=O of aldehyde or ketone group. The band within 1595-1590 cm -1 was assigned for υ C=C aromatic rings and the band within 1233-1257 cm -1 for υ C-O-C of etheric bond (supplementary Fig. S3-S5) , similar assignments have been reported in the literature for dicarbonyl monomers. 36, 37 The polymers PmHOBND and PoHONPD showed weak band at 1694 and 1683 cm -1 respectively for υ C=O contributed from end on group, this band was present as a strong band in their corresponding monomers which showed that carbonyl group was converted into imine group. All the three polymers (PmHOBND, PoHONPD and PoHOAND) showed strong to medium intensity band within 1594-1620 cm -1 for υ C=N and the band within 1592-1518 cm -1 due to aromatic rings of the polymers. Two bands were observed within 1237-1248 cm -1 and 1024-1005 cm -1 due to υ C-O-C asymmetric and symmetric vibrations and number of bands within 973-681 cm -1 were for C-H in plane and out of plane vibrations of aromatic rings (Figure 4) (supplementary Fig. S6  and S7 ). Similar assignments indicated for related polymines. 36, 38 
5. 1 HNMR Spectroscopy of Monomers and Polymers
The 1 HNMR spectra of all the synthesized compounds (monomers and polymers) were recorded in DM-SO-d 6 solvent. The dialdehyde monomers m-HOB and o-HON indicated CHO group signal at δ ppm 9.959 and 10.794 respectively, all the three monomers (m-HOB, o-HON and o-HOA showed signals within the range of δ ppm 6.989-8.257 due to protons of the aromatic rings (benzene or naphthalene), one triplet within δ ppm 4.050-4.324 due to etheric group (O-CH 2 ) protons and CH 2 aliphatic protons signals within δ ppm range of 1.361-1.871 due to n-hexane while diketone o-HOA also showed signal at δ ppm 2.534 due to CH 3 protons of acetophenone group (supplementary Fig. S8-S10) . The polymers PmHOBND and PoHONPD showed singlet at δ ppm 7.942 for azomethine group proton (CH=N) while the polymer PoHO-AND did not showed any proton signal at this position because it contains imine bond (C=N) instead of azomethine group. The polymer PoHOAND showed CH aromatic proton signals within δ ppm range of 6.594-7.509 while aromatic CH signals were missing in PmHOBND and Po-HONPD because of their lower solubility in DMSO-d 6 , the polymers PmHOBND and PoHOAND indicated triplet at δ ppm 4.052 and 4.078 due to OCH 2 group, all the three polymers showed signals within the range of δ ppm 1.417-2.880 due to CH 2 group protons of n-hexnane and PoHO-AND showed singlet at δ ppm 2.275 due to CH 3 group protons ( Figure 5 ). Similar 1 HNMR assignment have been reported for related monomers and polymers. 38, 39 
6. UV-Vis Spectroscopy of Monomers and Polymers
UV-visible spectra of monomers and polymers were recorded using DMSO solvent and the results including molar absorptivity (L.mole -1 . cm -1 ) of monomers and 1% absorptivity of polymers (because molecular weight of polymers was unknown) are provided in Table 2 . The meta oriented monomer m-HOB showed only one band at 314 nm for π-π* transition within aromatic ring while the ortho oriented monomers o-HON and o-HOA showed two bands each, the first bands at 320 nm and 306 nm respectively were attributed to π-π* transition within aromatic ring and second at 340 nm and 444 nm respectively was for π-π* within conjugated aromatic ring and carbonyl (C=O) group. The appearance of second peak in ortho oriented monomers may be due to greater influence of lone pairs of oxygen on conjugation as compared to meta oriented monomer (supplementary Fig. S11-S13 ). All the three polymers showed two bands, the first band appeared due to π-π* transition within aromatic ring and the second band was due to π-π* transition involving aromatic ring (phenyl or naphthyl) and conjugated azomethine (C=C-N=C) group (Figure 6) (supplementary Fig.  S14-S15) . Similar UV-Vis assignment for related monomers and polymers were reported. 40, 41 nine sulphate) were recorded at solutions concentration 0.025 mg/ml because maximum emission intensities of the synthesized compounds were observed at this concentration. The excitation and emission slit width was adjusted at 5 nm for both the compound (monomers and polymers) and standard (quinine sulphate). The quantum yields of monomers and polymers were calculated using the following equation 3
(3)
Where Q MX is the quantum yield of compound whose quantum yield want to be calculated, Q YS is the quantum yield of quinine sulphate standard (0.54), A x is the area under the emission peak of the compound whose quantum yield want to be calculated, A s is area under the emission peak of quinine sulphate standard (190059), f s (1-10 −D , D: absorbance value (0.20) of the quinine sulphate standard measured in UV-Vis at excitation wavelength), f x (1-10 −D , D: absorbance value of the compound measured in UV-Vis at excitation wavelength), n x is the refractive index of DMSO (1.479), n x is the refractive index of 0.1M H 2 SO 4 (1.33). All the monomers and polymers showed different color emissions at different excitation wavelengths, the results of spectrofluorometric measurements of all the monomers and polymers with their calculated quantum yields are summarized in Table  3 . The monomers mHOB and oHON showed red and violet light emissions while the monomer oHOA showed violet, orange and red light emissions, the calculated quantum yields of monomers were obtained within the range of 0.04 to 3.35%. The polymer PmHOBND showed red and violet light emissions, PoHONPD showed violet light emission and PoHOAND indicated violet, bluegreen and orange light emission, the calculated quantum 
7. Fluorescence Spectroscopy of Monomers and Polymers
All the synthesized monomers and polymers indicated fluorescence emission due to the presence of conjugated chromophoric groups in their structure (supplementary Fig. S16-S20) . The fluorescence quantum yields of the synthesized compounds were calculated at different excitation wavelengths through reported comparative method. 42 Quinine sulphate was dissolved in 0.1M H 2 SO 4 and used as standard for all the measurements while the solutions of monomers and polymers were prepared in DMSO. The excitation and emission spectra of both the compound (monomers and polymers) and standard (qui- 
S. No
Compound λ nm (ε 1%) Possible transition 1 mHOB 314 (6976) π-π* transition within benzaldehyde ring system 2 PmHOBND 287 (145) π-π* transition within aromatic ring system 321 (236.5) π-π* transition involving naphthyl ring and conjugated C=C-N=C π-electron system 3 oHON 320 (3043) π-π* transition within naphthaldehyde ring system 340 (2199) π-π* transition involving naphthyl ring with conjugated O=C-C=C-O π-electron system and lone pair of etheric oxygen.
4
PoHONPD 265 (1120) π-π* transition within aromatic ring system 318 (940) π-π* transition involving phenyl ring and conjugated C=C-N=C π-electron system 306 (7076) π-π* transition within acetophenone ring system 5 oHOA 444 (233.7) π-π* transition involving naphthyl ring with conjugated O=C-C=C-O π-electron system and lone pair of etheric oxygen 6 PoHOAND 307 (1580) π-π* transition within aromatic ring system 477 (500) π-π* transition involving phenyl ring and conjugated C=C-N=C π-electron system yields of polymers were obtained within the range of 0.04 to 24.3%. The fluorescence quantum yields of all the polymers were higher than their corresponding monomers while the polymer PmHOBND indicated highest quantum efficiency among all the synthesized compounds which is 24.3% for violet light emission (398 nm) at excitation 321 nm.
8. Scanning Electron Microscopy of Monomers and Polymers
The SEM images of monomers and polymers were recorded at micron marker scale length range of 500 µm to 1 µm at different magnifications. The dialdehyde m-HOB showed crystalline morphology and looked like iron blocks while its corresponding polymer PmHOBND had sponge like morphology. The monomer o-HON had clay rock like morphology and showed non-homogeneous surface, while its corresponding polymer PoHONPD showed smooth and porous surface (supplementary Fig. S21 and  S22) . The surface morphology of diketone monomer o-HOA was fibrous and looked like cotton wool while morphology of its corresponding polymer PoHOAND looked like cheese pieces with clearly visible pores of different sizes (Figure 8) . The surface morphology of all the three polymers was different from their corresponding monomers which support their formation.
9. Powdered X-ray Diffraction (XRD) of Polymers
The X-ray diffraction patterns of the polymers were acquired over 2θ range of 5°-80° (Figure 9) . The meta-oriented polymer PmHOBND showed intense peaks within 2θ = 5°-30° which indicates its semicrystalline nature which may be attributed to the presence of polar CH=N groups and C=C bonds of aromatic rings in its structure. 43 The polymers PoHONPD and PoHOAND showed one broad diffraction hump centered at 2θ = 20.6° and 2θ = 22.5° respectively, which indicated their amorphous na-ture. 44 The amorphous nature of ortho oriented polymers (PoHONPD and PoHOAND) was due to the presence of 1,2-linkages and flexible aliphatic (CH 2 ) 6 groups in their structures. 45 
10. Thermal Analysis of Monomers and Polymers
Thermal properties of monomers and polymers were evaluated by thermogravimetric (TG) and differential thermal analysis (DTA) and the results are summarized in Table 4 . Thermal stability of the compounds was estimated from the T max value (temperature indicating maximum rate of weight loss) in TG graph. TG of dialdehyde m-HOB indicated weight loss in single step of 93% within 265 °C-590 °C and T max value at 394 °C, DTA showed two endotherms first at 82 °C due to melting and second at 324 °C for vaporization/decomposition followed by four exotherms due to decomposition at 263, 393, 479 and 558 °C. TG of o-HON showed three steps of weight loss, 54% weight loss within 294-413 °C, 14% loss within 414-514 °C and 19% loss within 515-611 °C, its T max was observed at 354 °C, DTA indicated one endotherm at 193 °C due to melting followed by two exotherms at 362 °C and 545 °C due to decomposition. TG of diketone monomer o-HOA showed three steps of weight loss, 71% loss within 209-377 °C, 12% loss within 378-490 °C and 9% loss indicated within 491-550 °C, its T max was observed at 342 °C, DTA showed melting endotherm at 97 °C, vaporization/decomposition exotherm at 371 °C and large decomposition exotherm at 545 °C. The dialdehyde m-HOB indicated highest thermal stability among the . S23-S25) . TG of polymer PmHOBND indicated weight loss in three steps 8% loss was observed within 194-415 °C, 36% weight loss within 416-503 °C and 50% loss within 504-651 °C with T max at 577 °C. DTA showed two exothermic curves, vaporization/decomposition exotherm at 456 °C and decomposition exotherm at 639 °C (Figure 10a) . TG of Po-HONPD showed three steps of weight loss, 44% weight loss was observed within 324-468 °C, 6% weight loss within 469-557 °C and 39% weight loss within 558-678 °C, T max showed at 396 °C, DTA showed two volatilization/ decomposition exotherms at 365 °C and 448 °C and large decomposition exotherm at 624 °C (Figure 10b) . TG of PoHOAND indicated 98% weight loss within 42-727 °C in one step with T max at 385 °C, DTA showed one exotherm at 676 °C due to decomposition (Figure 10c) . Thermal stability of the polymers was higher than their corresponding monomers and the polymer PmHOBND showed higher T max value (577 °C) among all the synthesized compounds.
11. Biological Activities of Polymers
The antimicrobial activities of the polymers were examined against different species of bacteria and fungi but the polymers showed non-significant antimicrobial activities. The polymer PmHOBND showed 10% antibacterial activity against Staphylococcus aureus and Bacillus subtilis while only 2% inhibition against Salmonella typhi. Po-HOBND showed 11% inhibition against Staphylococcus aureus, 8% inhibition against Bacillus subtilis and 7.4% inhibition against Salmonella typhi. PoHOAND indicated no inhibition against Staphylococcus aureus, only 1% inhibition against Bacillus subtilis and 15.4% inhibition against Salmonella typhi. All the three polymers not showed any activity against Escherichia coli and Pseudomonas aeruginosa. The polymers PmHOBND and PoHOBND showed 12.5% antifungal activity against Candida albicans while PoHOAND showed 10% activity against the same strain. All the three polymers did not show any activity against Canadida glabrata, Aspergillus niger, Fusarium lini, Trichphyton rubrum and Microsporum canis. 
